SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE 

BACKGROUND OF THE INVENTION 
Field of the Invention 
5 The present invention relates to a semiconductor 

integrated circuit device. More particularly, the 
invention relates to technology that can be 
effectively utilized for a semiconductor integrated 
circuit device having a clock-generating circuit for 
10 generating clock signals corresponding to clock 

signals supplied through an external terminals, and 
that can be effectively utilized chiefly for a 
synchronous dynamic RAM (random access memory). 

15 Prior Art 

As a semiconductor integrated circuit device 
having a digital circuit that operates on clock 
signals supplied through an external terminal, there 
has been known a DLL (delay locked loop) which is a 

20 circuit for bringing the clock signals supplied 

through the external terminal into synchronism with 
the internal clock signals to increase the frequency 
of the clock signals while preventing reduction in the 
timing margin caused by a delay relative to the clock 

25 signals supplied to the internal circuit. The DLL is 
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constituted by a variable delay circuit for varying 
the amount of delay and a control circuit for 
controlling the amount of delay. The phase- 
synchronizing circuits have been disclosed in Japanese 
5 Patent Laid-Open Nos. 90666/1990, 55145/1999 and 
171774/1998. 

SUMMARY OF THE INVENTION 

As a variable delay circuit for the DLL, there 

10 can be contrived a digital variable delay circuit for 
varying the amount of delay by changing over the 
number of stages of the circuit and an analog variable 
delay circuit for varying the amount of delay by 
changing the drive current to the delay element or by 

15 changing the load. As the circuit for controlling the 
amount of delay of the analog DLL by using the analog 
variable delay circuit, further, there can be 
contrived a circuit of the digital system that 
executes a digital control operation and a circuit of 

2 0 the analog system which uses a charge pump or the 
like. Performances of the DLLs based on the 
combinations of the circuits can be roughly classified 
as follows : 

(1) Digital control digital DLL: consumes a 
25 large amount of power, precision is low, short lock- in 
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cycle , intermediate immunity to noise. 

(2) Digital control analog DLL: consumes a large 
amount of power, precision is high, short lock-in 
cycle , intermediate immunity to noise. 
5 (3) Analog control analog DLL: consumes a small 

amount of power, precision is high, long lock- in 
cycle, poor immunity to noise. 

The above-mentioned three kinds of DLLs have 
their features as described above, and an analog 

10 control analog DLL is arrived at if power consumption 
and precision are pursued. However, the analog 
control DLL has defects of a long lock-in cycle and 
relatively poor immunity to noise. Even in the 
digital control DLL, the variable delay circuit is 

15 affected by noise; i.e., immunity to noise is not so 

good, and improving this defect is meaningful. In the 
analog control circuit, the control circuit, too, is 
affected by noise and it is estimated that immunity to 
noise is poorer than that of the digital control 

20 circuit. 

In a semiconductor integrated circuit device in 
which the internal digital circuit is operated by 
clock signals supplied through an external terminal as 
represented by a synchronous DRAM (dynamic random 

25 access memory), it is expected that input/output 
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operation for the band width, i.e., for the data will 
be demanded in the future. Thus, there remains a room 
for improvement for the DLL of either system in 
connection with the precision, immunity to noise and 
5 lock- in cycle. 

This invention provides a semiconductor 
integrated circuit device equipped with a DLL 
realizing a stable clock-generating operation. The 
invention further provides a semiconductor integrated 
10 circuit device equipped with a clock-generating 

circuit that uses a DLL of a high precision and of a 
low power consumption. The invention further provides 
a semiconductor integrated circuit device equipped 
with a clock-generating circuit constituted by using a 
15 DLL which shortens the lock-in cycle yet maintaining a 
high precision and consuming a small amount of 
electric power. The above and other objects as well 
as novel features of the present invention will become 
obvious from the description of the specification and 
20 the accompanying drawings. 

Representative examples of the invention 
disclosed in this application will now be briefly 
described. That is, the invention is concerned with a 
clock-generating circuit for forming internal clock 
25 signals by comparing a signal obtained by delaying, 



- 4 - 



through a variable delay circuit, an input clock 
signal input through an external terminal with the 
input clock signal through a phase comparator circuit , 
and so controlling the delay time of the variable 
delay circuit that they are brought into agreement 
with each other, wherein the clock-generating circuit 
and an internal circuit to be operated by the clock 
signals formed thereby are formed on a common 
semiconductor substrate, and an element- forming region 
in which the clock-generating circuit is formed is 
electrically isolated from an element-forming region 
in which the digital circuit is constituted on the 
semiconductor substrate relying upon the element- 
isolation technology ♦ 

Another representative example of the invention 
disclosed in this application will be briefly 
described next. 

That is, the invention is concerned with a 
clock-generating circuit for forming internal clock 
signals by comparing a signal obtained by delaying, 
through a variable delay circuit, an input clock 
signal input through an external terminal with the 
input clock signal through a phase comparator circuit, 
and so controlling the delay time of the variable 
delay circuit that they are brought into agreement 



with each other, wherein the clock-generating circuit 
and an internal circuit to be operated by the clock 
signals formed thereby are formed on a common 
semiconductor substrate , and an operation voltage is 
5 applied to the clock-generating circuit by using a 

dedicated bonding pad and a lead different from those 
of the power source passage that applies an operation 
voltage to the internal circuit. 

A further representative example of the 

10 invention disclosed in this application will be 
briefly described next. 

That is, the invention is concerned with a 
clock-generating circuit for forming internal clock 
signals by comparing a signal obtained by delaying, 

15 through a variable delay circuit , an input clock 

signal input through an external terminal with the 
input clock signal through a phase comparator circuit, 
and so controlling the delay time of the variable 
delay circuit that they are brought into agreement 

20 with each other, wherein the control circuit so 

controls the variable delay circuit as to return the 
amount of delay back in the reverse direction at a 
moment when the variable delay time has exceeded a 
target value. 

25 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram schematically illustrating a 
layout of a dynamic RAM according to an embodiment of 
the present invention; 
5 Fig. 2 is a diagram of layout of a DLL analog 

unit according to the embodiment; 

Fig. 3 is a sectional view schematically 
illustrating the structure of elements in a 
semiconductor integrated circuit device according to 
10 the embodiment of the invention; 

Fig. 4 is a sectional view schematically 
illustrating the structure of elements in a 
semiconductor integrated circuit device according to 
the embodiment of the invention; 
15 Fig. 5 is a sectional view schematically 

illustrating the structure of elements in a 
semiconductor integrated circuit device according to 
another embodiment of the invention; 

Fig. 6 is a block diagram illustrating the whole 
20 synchronous DRAM according to the embodiment of the 
invention; 

Fig. 7 is a block diagram illustrating the whole 
DLL according to the embodiment of the invention; 
Fig. 8 is a circuit diagram illustrating a 
25 variable delay circuit included in the DLL analog unit 
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according to the embodiment; 

Fig. 9 is a circuit diagram illustrating a 
charge pump circuit included in the DLL analog unit 
according to the embodiment; 
5 Fig. 10 is a circuit diagram illustrating an 

output amplifier included in the DLL analog unit 
according to the embodiment; 

Fig. 11 is a circuit diagram illustrating a 
control voltage-fixing circuit included in the DLL 
10 analog circuit according to the embodiment; 

Fig. 12 is a diagram of waveforms illustrating 
the operation of the clock-generating circuit 
according to the invention; 

Fig. 13 is a diagram of waveforms illustrating 
15 the operation of the clock-generating circuit 
according to the invention; 

Fig. 14 is a diagram illustrating the transition 
of state of a state control circuit included in the 
clock-generating circuit according to the invention; 
20 Fig. 15 is a circuit diagram illustrating a 

phase comparator in the DLL and the state control 
circuit according to the embodiment; 

Fig. 16 is a circuit diagram illustrating a 
pulse-generating circuit in the DLL according to the 
25 embodiment; 
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Fig. 17 is a circuit diagram illustrating a 
pulse-generating circuit in the DLL according to 
another embodiment; 

Fig. 18 is a circuit diagram illustrating a 1/4 
5 frequency divider in the DLL; 

Fig. 19 is a circuit diagram illustrating a 
charge pump test pulse-generating circuit in the DLL 
according to the embodiment; 

Fig. 20 is a plan view illustrating a 
10 relationship between the memory chip and the lead 

frame in the semiconductor integrated circuit device 
according to the invention; and 

Fig. 21 is a circuit diagram illustrating an 
electrostatic protection circuit in the semiconductor 
15 integrated circuit device according to the embodiment 
of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Fig. 1 is a diagram schematically illustrating 

20 the layout of an embodiment of a dynamic RAM to which 
the invention is applied. In Fig. 1, the circuit 
blocks are formed on a semiconductor substrate such as 
of a single crystalline silicon according to a known 
technology for producing semiconductor integrated 

25 circuits. The circuits in Fig. 1 are drawn on the 
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semiconductor substrate to nearly meet the geometrical 
arrangement. In this embodiment, the memory cell 
array 1 as a whole is divided into four to constitute 
memory banks (bank 0 to bank 3). 
5 Peripheral circuits 12 inclusive of an address 

input circuit, a decoder circuit and a control 
circuit, a data input circuit (Din buffer) 10, as well 
as a data output circuit (Dout buffer) 7, DQS buffer 8 
and a sequence of bonding pads 11, are provided in the 

10 central portion along one direction of the chip* In a 
broad sense, the data input circuit 10 and the data 
output circuit 7 are included in the peripheral 
circuit 12. That is, it should be noted that the data 
input circuit 10, data output circuit 7 and DQS buffer 

15 8 are shown as representative examples of the 
peripheral circuits. In this embodiment, the 
peripheral circuits in the above-mentioned broad sense 
are arranged to be in parallel with the sequence of 
bonding pads in order to ideally lay out the circuits 

20 such as random logic circuit and the like circuits. 

When, for example, the sequence of bonding pads 
and the peripheral circuits are linearly arranged in 
parallel in the central portion along one direction of 
the semiconductor chip, limitation is imposed on the 

25 number of the bonding pads, and the distance increases 
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for connecting the bonding pads to the peripheral 
circuits. In this embodiment , the peripheral circuits 
are arranged in parallel with the sequence of bonding 
pads. In this constitution, the sequence of bonding 
5 pads are arranged at positions deviated from the 
center line which runs in one direction of the 
semiconductor chip. As a result , a relatively large 
area is maintained in the central portion along one 
direction of the semiconductor chip, enabling the 

10 layout of the circuit elements to be favorably 

designed. That is, even in the constitution in which 
the peripheral circuits are arranged in parallel with 
the sequence of bonding pads as in this application, 
the degree of integration can be enhanced and the 

15 speed of operation can be increased compared with when 
the peripheral circuits are arranged being divided 
into the right side and the left side with the bonding 
pads as a center. 

The dynamic RAM of this embodiment is directed 

20 to the double data rate (DDR) synchronous DRAM (SDRAM) 
that will be described later, and the peripheral 
circuits 12 include data output circuit 7, DQS output 
circuit 8, data input circuit 10 that are described 
above as representative examples, as well as the 

25 circuits that will be described below. A booster 
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circuit forms a boosted voltage VPP higher than the 
power-source voltage VDD by utilizing a charge pump 
circuit, and includes a selection circuit for 
selecting a word line to which a memory cell is 
connected and a control circuit which determines the 
selection level for the operation voltage of the 
circuit for selecting the shared switching MOSFET and 
for controlling the operation of the booster circuit* 

A VDD/2 circuit forms a voltage obtained by 
dividing the power-source voltage VDD by 2 and forms a 
reference voltage of the input buffer which is 
constituted by a differential circuit. The output 
control circuit controls the operation corresponding 
to the CAS latency of the data output circuit 7. A Y- 
predecoder decodes a Y-address signal to form a 
predecoded signal. The read/write buffer controls the 
operation of the main amplifier and operates the write 
amplifier. 

The input circuit of the address system includes 
an address buffer , an X-address latching circuit and a 
Y-address latching circuit. A Y-clock-generating 
circuit generates clock signals corresponding to the 
operation of the Y-system upon receiving clock signals 
supplied through an external terminal. A mode 
decoder/clock buffer and a command circuit form 
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operation control signals. A Y-counter and a control 
circuit thereof are provided to form Y-system address 
signals in the burst mode. A refresh control circuit 
executes an automatic/self refreshing operation, and 
5 includes a refresh address counter. There are further 
provided a bonding option circuit and a power source 
circuit closure detector circuit* 

The bonding pads are formed being nearly 
linearly arranged along the plural circuit blocks. 

10 According to this constitution, the signal 

transmission paths among the circuit blocks do not 
become undesirably long avoiding the bonding pads but 
are formed short to accomplish a high-speed operation 
as compared with those in which the peripheral 

15 circuits are arranged being separated to the right and 
left sides sandwiching the bonding pads therebetween. 
Since a circuit block can be formed in a concentrated 
manner in a substantially large area, the circuit 
elements can be easily laid out by taking the 

20 automatic wiring into consideration as will be 
described later. 

In this embodiment, the clock-generating circuit 
(DLL analog) 3 is provided nearly at the center of the 
memory chip. The clock-generating circuit is 

25 constituted by an analog circuit that will be 
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described later. There are further provided a circuit 
for supplying an input signal and a control signal to 
the above analog circuit , and a digital circuit 4 for 
producing an internal clock, signal. 
5 In this embodiment, the four memory cell arrays 

1 that are hatched are formed in the triple wells for 
which the substrate voltage is set separately from the 
peripheral circuits 12 , thereby to control a threshold 
voltage for the n-channel MOSFETs that constitute 

10 address selection MOSFETs of memory cells in the 

memory cell array 1, to suppress the leakage current 
to maintain the time for holding the data, and to 
suppress a change thereof. 

The memory cell array 1 is provided with a sense 

15 amplifier (Sense AMP) 2 which also exists in the 
triple well in which the memory cell array 1 is 
formed. The sense amplifier is not geometrically 
arranged at one position only on the semiconductor 
substrate. In practice, the memory cell array is 

20 divided into plural regions depending upon the 

hierarchical word lines and the hierarchical IO lines, 
and the sense amplifiers are arranged in a dispersed 
manner so as to be corresponded to the divided sub- 
arrays. The DLL analog unit 3 is provided in the 

25 triple well at the center of the memory chip. The 
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triple well in the DLL analog unit 3 is isolated from 
the triple well that includes the memory cell array 1 
and the sense amplifier 2. A DLL digital unit 4 is 
provided adjacent to the DLL analog unit 3, so as to 
5 be located on the outside of the triple well. 

In this embodiment , a pair of DLL-dedicated 
power source pads 5 are provided near the DLL analog 
unit 3. The DLL-dedicated power source pads 5 are 
connected to the DLL analog unit 3 only to prevent the 

10 infiltration of power source noise from other circuit 
blocks through the power source passage. That is, the 
DLL-dedicated power source pads 5 are connected to the 
DLL analog unit 3 only, and receive no noise from the 
power source wiring that supplies operation voltage to 

15 the peripheral circuits 12, to the data output circuit 
7 and to the sense amplifier 2, or from the GND 
wiring. 

A DQS buffer 8 is provided neighboring the data 
output circuit (Dout buffer) 7. A replica delay 

20 circuit (replica delay) 9 is provided neighboring the 
output buffer 7. The replica delay circuit is used as 
a delay circuit for bringing a clock signal that has 
passed through the DQS buffer into precise synchronism 
with the clock signal supplied through the external 

25 terminal. 
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Fig. 2 is a diagram illustrating the layout of 
the DLL analog unit 3 according to the embodiment. 
The DLL analog unit 3 is formed in an independent 
triple well. In Fig. 2, the periphery of the DLL 
5 analog unit 3 is hatched to express that the DLL 
analog unit is formed in a triple well. The DLL 
analog unit 3 is provided with dedicated power source 
pads VDD_DLL (PAD) and VSS_DLL (PAD) for supplying 
operation voltages such as VDd and VSS, which are 
10 corresponding to the pads 5 in Fig. 1. 

Though there is no particular limitation, a 
variable delay circuit 303 is constituted by an analog 
delay circuit which changes the delay time depending 
upon a change in the operation current which changes 
15 depending upon the analog control voltage. The 

variable delay circuit 303 is constituted by plural 
stages of delay circuits and is provided with output 
amplifiers (AMP) 305. The variable delay circuit 303 
has six sets of output taps connected to the input 
20 terminals of the separate output amplifiers (AMP) 305. 
Among the six output amplifiers (AMP) 305, only one 
output amplifier is operating at all times, and the 
outputs of the output amplifiers 305 that are not in 
operation exhibit a high impedance. Therefore, the 
25 output terminals of the six output amplifiers 305 are 
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connected in common, and only the output signal of the 
output amplifier 305 that is in operation is 
effectively used. The number of the output taps and 
of the output amplifiers is not limited to six only 
5 but may be arbitrarily selected. 

In this embodiment , though there is no 
particular limitation, plural PMOS capacitors 
constituted by using a p-channel MOSFET are provided 
in the outer periphery of the DLL analog unit 3 . 

10 These PMOS capacitors are used for holding the control 
voltage, for smoothing the power source VDD-GND, and 
as spare capacitors. In Fig. 2, the PMOS capacitors 
formed sandwiching the variable delay circuit 303 and 
the output amplifiers 305 therebetween, are connected 

15 in parallel by wirings indicated by a solid line in 
Fig. 2, and are charged and discharged by a charge 
pump 307 so as to form a control voltage VB. The 
delay time of the variable delay circuit is controlled 
by this control voltage VB. 

20 The PMOS capacitors provided on the outer side 

of the DLL analog unit 3, except the PMOS capacitor 
used as the charge pump 307, are used for smoothing 
the power source VDD-VSS (GND). This stabilizes the 
power source voltage VDD and ground potential VS 

25 applied to the circuits that constitute the DLL analog 
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unit 3. That is, the smoothing capacitors are 
connected between the DLL-dedicated power source pads, 
i.e., between the VDD_VLL pad and the VSS_DLL pad. 
In this embodiment, input buffers 301 that 
5 receive control signals fed from a unit outside the 
DLL analog unit 3 are provided in the triple well. 
Further, an input buffer 302 is provided in the triple 
well to supply a clock input signal ECLK fed through 
the external unit to the variable delay circuit 303. 

10 Moreover, a CLK output buffer 304 is provided in the 
triple well to output a clock output QCL from the 
selected output amplifier 305 to the data output 
circuit 7. In this constitution, the phase of the 
signal QCLK is controlled by the control voltage VB 

15 that is output as the charge pump 307 is driven by the 
control signal. 

In this embodiment, the variable delay circuit 
303 and the charge pump 307 susceptible to noise are 
arranged at the center in the triple well maintaining 

20 a distance from the surrounding noise sources to 

prevent the infiltration of noise. The control signal 
from the external unit is once passed through the 
buffer in the DLL analog unit 3 to prevent the 
infiltration of noise transmitted being superposed on 

25 the control signal. The DLL-dedicated power source is 
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connected to the DLL analog unit 3, and does not 
receive noise that infiltrates through the power 
source wiring and VSS (GND) wiring. As described 
above, the variable delay circuit 3 03 is provided with 
5 six output taps to select any one of the six output 
amplifiers 3 05 and, hence, to select the number of 
stages of the variable delay circuits. This makes it 
possible to accomplish the adjustment even when the 
range of variable delay is outside the desired value. 

10 Fig. 3 is a sectional view schematically 

illustrating the structure of elements in the 
semiconductor integrated circuit device according to 
the embodiment of the invention, and is a cross 
section along the line a-a' of Fig. 1. As shown, the 

15 DWELL including a memory cell array 1 and the DWELL 
including the DLL analog unit 3 are electrically 
insulated by the PN junction isolation. Therefore, 
despite the circuits are formed on the same p-type 
substrate PSUB, noise from the sense amplifier 2 which 

20 is a large source of noise is prevented from 
infiltrating through the substrate PSUB. 

Further, the substrate power source for the 
DWELL that includes the memory cell array 1 and for 
the DWELL that includes the DLL analog unit 3, has 

25 bonding pads and leads that are exclusively provided, 
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and does not receive noise generated in the power 
source passage. Concretely speaking, the power source 
pads and VSS pad are exclusively provided for the DLL 
analog unit 3, and are wire-bonded to dedicated 
5 external leads. When the DLL analog unit 3 is used as 
a voltage-dropping power source, a power source 
circuit dedicated to the DLL analog unit is provided 
in addition to the power source pads and the leads. 
Fig. 4 is a sectional view schematically 

10 illustrating 

the structure of elements in the semiconductor 
integrated circuit device according to the embodiment 
of the invention, and is a sectional view along the 
line b-b' of Fig. 1. The peripheral circuits 12 

15 inclusive of the DLL digital unit 4 are formed in the 
well regions NWELL and PWELL on the p-type substrate 
PSUB on the outer side of the triple WELL, preventing 
noise due to digital signals from infiltrating into 
the DLL analog unit 3 through the substrate PSUB. In 

20 this embodiment, the signals from the DLL digital unit 
4 to the DLL analog unit 3 are passed through the 
input buffer in the DLL analog unit, preventing the 
noise components included in the digital signals from 
infiltrating into the charge pump or the variable 

25 delay circuit. 
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Fig. 5 is a sectional view schematically 
illustrating 

the structure of elements in the semiconductor 
integrated circuit device according to another 

5 embodiment of the invention , which is a modified 

embodiment corresponding to b-b' of Fig. 1. In this 
embodiment contrary to that of Fig. 4, the peripheral 
circuits 12 inclusive of the DLL digital unit 4 are 
arranged in the triple WELL, and the DLL analog unit 3 

10 is disposed on the outer side of the triple well. The 
peripheral circuits and the DLL analog unit 3 in the 
substrate are insulated by the element isolation 
technology based upon the triple well. In this case, 
too, therefore, the infiltration of noise is 

15 prevented. The above two embodiments are the same in 
a meaning that the peripheral circuits including the 
DLL digital unit 4 are electrically isolated from the 
DLL analog unit 3 by the element isolation technology 
based on the triple well. In this case, the triple 

20 well including the memory cell array 1 is isolated 
from the triple well that includes the peripheral 
circuits. This is because, the memory cell array 1 is 
disposed in the triple well in order to apply the 
substrate potential independently of others rather 

25 than to cope with the noise. 
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In the analog control analog DLL of this 
embodiment , the variable delay circuit 303 and the 
charge pump (analog control circuit) 307 are 
susceptible to noise. Therefore, these two circuits 
5 are isolated from the surrounding noise sources. In 
the DRAM which includes noise sources such as sense 
amplifiers (Sense AMP) as well as many noise sources 
in the periphery, in particular, the separation from 
the noise sources offers a large effect. As will be 

10 described later, further, there is employed a new 

system for driving the charge pump which is an analog 
control circuit, and contrivance is made to eliminate 
an insensitive band which is the defect of PFD in the 
conventional drive system and to shorten the lock- in 

15 cycle. 

The isolation of the DLL circuit from other 
circuits offers particularly distinguished effect in 
the analog control analog DLL. However, noise 
generated in the chip can also be effectively shut off 

20 even in the digital control digital DLL and in the 
digital control analog DLL, making it possible to 
enhance the immunity of the DLL against the noise. 
That is, even in the digital DLL, when the operation 
voltage applied to the inverter circuit constituting 

25 the delay circuit varies due to noise in the power 
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source, the charge-up current for the capacitive load 
and the discharge current undergo a change in response 
thereto , resulting in a change in the delay time- 

That is, the power-source voltage VDD and the 
5 ground voltage VSS are used as a substrate bias 
voltage for the MOSFET and cause a change in the 
threshold voltage and, further, causes a change in the 
input signal applied across the gate and the source of 
the MOSFET. Thus, since both the input voltage and 

10 the threshold voltage are subject to change due to 
noise on the power source voltage and on the ground 
line, the delay time has changed so far in the 
conventional digital DLL and, as a result, jittering 
(fluctuation in the phase) has occurred in the output 

15 clock signals. Upon applying the invention of the 

application to a clock-generating circuit which uses 
DLL, therefore, the DLL exhibits improved immunity 
against noise; i.e., jittering of the DLL can be 
decreased under the same noise condition or jittering 

20 from other circuits can be more absorbed. 

Fig. 6 is a block diagram illustrating an 
embodiment of the whole DDR SDRAM (double data rate 
synchronous dynamic random access memory) to which the 
invention is applied. Though there is no particular 

25 limitation, the DDR SDRAM of this embodiment is 
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provided with four memory arrays 20 OA to 200D to 
correspond to the four memory banks . The memory 
arrays 20 OA to 200D corresponded to the four memory 
banks 0 to 3 are equipped with dynamic memory cells 
5 arranged in the form of a matrix* In Fig. 6, the 

terminals for selecting memory cells arranged along 
the same column are coupled to the word lines (not 
shown) of every column, and the data input/output 
terminals of the memory cells arranged along the same 

10 row are coupled to complementary data lines (not 
shown) of every row. 

Among the word lines (not shown) in the memory 
array 200A, one word line is driven to a selection 
level depending upon the result of decoding the row 

15 address signal by the row decoder (row DEC) 201A. The 
complementary data lines (not shown) of the memory 
array 200A are coupled to the I/O lines of the sense 
amplifier (sense AMP) 202A and of the column selection 
circuit (column DEC) 203A. The sense amplifier 202A 

20 detects and amplifiers a very small potential 

difference appearing on the complementary data lines 
as the data is read out from the memory cells . A 
column selection circuit 203A therein includes a 
switching circuit for selecting the complementary data 

25 lines and for rendering the complementary I/O lines to 
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be conductive. The column switching circuit is 
selectively operated depending upon the result of 
decoding the column address signal by the column 
decoder 2 03A. 

5 Similarly/ memory arrays 20 OB to 200D, too, are 

provided with row decoders 20 IB to D, sense amplifiers 
203B to D and column selection circuits 203B to D. 
The complementary I/O lines are provided in common for 
the memory banks , and are connected to the output 

10 terminals of the data input circuit (Din buffer) 210 
having a write buffer and to the input terminals of 
the data output circuit (Dout buffer) 211 having a 
main amplifier. Though there is no particular 
limitation, the terminal DQ is a data input /output 

15 terminal for inputting or outputting data DO to D15 

consisting of 16 bits. A DQS buffer (DQS buffer) 215 
forms a data strobe signal of data output from the 
terminal DQ. 

The address signals AO to A14 supplied through 

20 the address input terminal are once held by an address 
buffer 204. Among the address signals input in time 
series, row address signals are held by a row address 
buffer 205 and column address signals are held by a 
column address buffer 206. A refresh counter 208 

25 generates a row address at the time of automatic 
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refreshing and self refreshing operations. 

When the device has a storage capacity of, for 
example, 256 megabits, the column address signals are 
such that, when a memory access is to be executed in a 
5 unit of two bits, an address terminal is provided to 
receive an address signal A14. In the case of the x4 
bit constitution, signals of up to an address signal 
All are effectively used. In the case of the x8 bit 
constitution, signals of up to an address signal A10 

10 are effectively used and in the case of the xl6 bit 
constitution, signals of up to an address signal A9 
are effectively used. In the case of the storage 
capacity of 64 megabits, signals of up to the address 
signal A10 are effectively used in the x4 bit 

15 constitution, signals of up to the address signal A9 
are effectively used in the x8 bit constitution, and 
signals of up to the address signal A8 are effectively 
used in the xl6 bit constitution as shown. 

The output of the column address buffer 206 is 

20 supplied as a preset data for the column address 

counter 207. The column address counter 207 sends the 
column address signal which is the preset data or a 
value obtained by successively increasing the column 
address signal, to the column decoders 2 03A to 203D on 

25 a burst mode specified by a command that will be 
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described later. 

A mode register 213 holds various operation mode 
data. Among the row decoders 201A to D, only those 
corresponding to the bank specified by a bank select 
5 circuit 212 work to select the word line* Though 

there is no particular limitation , a control circuit 
(control logic) 209 receives external control signals 
such as clock signal CLK, /CLK (signal having a symbol 
/ means that it is a row enable signal) , clock enable 

10 signal CKE , chip select signal /CS, column address 

strobe signal /CAS, row address strobe signal /RAS and 
a write enable signal /WE, as well as /DM, DQS and an 
address signal through a mode register 213. Based 
upon a change in the levels of these signals and 

15 timings, the control circuit 209 forms an internal 
timing signal for controlling the operation mode of 
DDR SDRAM and for controlling the operation of the 
circuit blocks, and is provided with an input buffer 
for the signals. 

20 The clock signals CLK and /CLK are input to the 

DLL circuit 214 that was described above via a clock 
buffer to generate internal clocks. Though there is 
no particular limitation, the internal clocks are used 
as input signals to the data output circuit 211 and to 

25 the DQS buffer 215. Further, the clock signals 
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supplied through the clock buffer are fed to the clock 
terminal so as to be supplied to the data input 
circuit 210 and to the column address counter 207. 

Other external input signals become significant 
5 in synchronism with the rising edges of the internal 
clock signals. The chip select signal /CS instructs 
the start of a command input cycle depending upon its 
low level. The chip select signal /CS having a high 
level (chip non-selected state) and other inputs have 

10 no meaning. However, the state of selecting the 

memory bank and the internal operation such as burst 
operation that will be described later, are not 
affected by a change into the non-selected state. 
Signals /RAS, /CAS and /WE have functions different 

15 from the corresponding signals in an ordinary DRAM, 
and become significant in defining a command cycle 
that will be described later. 

The clock enable signal CKE is the one for 
instructing the validity of the next clock signal. 

20 The rising edge of a next clock signal CLK becomes 
effective when the signal CKE has a high level, and 
becomes invalid when the signal CKE has a low level. 
In the read mode, when an external control signal /OE 
is provided for controlling the output enable for the 

25 data output circuit 211, the signal /OE, too, is 
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supplied to the control circuit 209. When the signal 
/OE has the high level , the data output circuit 211 
assumes a high output impedance state. 

The row address signal is defined by the levels 
5 AO to All in the row address strobe bank active 

command cycle that will be described later and is in 
synchronism with the rising edge of the clock signal 
CLK (internal clock signal). 

The address signals A12 and A13 are regarded as 

10 bank selection signals in the row address strobe/bank 
active command cycle. That is, one memory bank is 
selected out of the four memory banks 0 to 3 depending 
upon the combination of A12 and A13. Though there is 
no particular limitation , the control operation for 

15 selecting the memory bank is carried out by activating 
the row decoder only on the side of the selected 
memory bank, by selecting none of the column switching 
circuits on the side of the non-selected memory bank, 
or by the connection to the data input circuit 210 and 

20 to the data output circuit on the side of the selected 
memory bank only. 

In the case of the xl6 bit constitution with 256 
megabits as described above, the column address signal 
can be defined by the levels AO to A9 in the read or 

25 write command (column address read command or column 
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address write command described later) cycle in 
synchronism with the rising edge of the clock signal 
CLK (internal clock)- The thus defined column address 
is used as a start address of burst access. 
5 Next, described below are principal operation 

modes of the SDRAM instructed by the command. 
(1) Mode register set command (Mo). 

This is a command for setting the mode register 
30. The command is designated by the signals /CS, 

10 /RAS, /CAS and /WE = low level, and the data to be set 
(register set data) is given through AO to All. 
Though there is no particular limitation, the register 
set data are burst length, CAS latency and write mode. 
Though there is no particular limitation, the burst 

15 length that can be set is 2, 4 or 8, the CAS latency 
that can be set is 2 or 2.5, and the write mode that 
can be set is a burst write or a single write. 

The CAS latency instructs how may cycles of 
internal clock signals be used from the break of /CAS 

20 to the output operation of the output buffer 211 in 
the reading operation instructed by a column address 
read command that will be described later. The 
internal operation time is necessary for reading the 
data until the reading data is defined, and is set 

25 depending upon the frequency of the internal clock 
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signals. In other words, when internal clock signals 
of a high frequency are used, the CAS latency is set 
to a relatively large value and when internal clock 
signals of a low frequency are used, the CAS latency 
5 is set to a relatively small value. 

(2) Row address strobe/bank active command (Ac) . 

This is a command for effectively instructing 
the row address strobe and for effectively selecting 

10 the memory bank by A12 and A13, and is instructed by 
the signals /CS, /RAS = low level, and by the signals 
/CAS, /WE = high level. At this moment, addresses 
supplied to AO to A9 are fetched as row address 
signals, and signals supplied to A12 to A13 are 

15 fetched as memory bank selection signals. The 

fetching operation is executed in synchronism with the 
rising edge of the internal clock signals as described 
above. For example, when the command is designated, a 
word line is selected in a memory bank that is 

20 designated thereby, and a memory cell connected to the 
word line is rendered conductive to the corresponding 
complementary data lines. 

(3) Column address/read command (Re) . 

25 This is a command necessary for starting the 
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burst read operation and for instructing the column 
address strobe, and is instructed by the signals /CS, 
/CAS = low level and signals /RAS, /WE = high level . 
At this moment, the column addresses supplied to AO to 
5 A9 (in the case of the xl6 bit constitution) are 

fetched as column address signals. The column address 
signals thus fetched are supplied as burst start 
addresses to the column address counter 207. 

In the thus instructed burst read operation, the 

10 memory bank and the word line therein have already 
been selected in the row address strobe/bank active 
command cycle, and the memory cells of the selected 
word lines are successively selected and are 
continuously read out according to the address signals 

15 output from the column address counter 207 in 

synchronism with the internal clock signals. The 
number of data 

continuously read out is the number designated 
by the burst length. Reading the data from the output 

20 buffer 211 is started after having waited for the 
number of cycles of the internal clock signals 
specified by the CAS latency. 

(4) Column address/write command (Wr) . 
25 This command is instructed by the signals /CS, 
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/ CAS, /WE = low level and by the signal /RAS = high 
level. At this moment, addresses supplied to AO to A9 
are fetched as column address signals. In the burst 
write, the column address signals thus fetched are 
5 supplied as burst start addresses to the column 
address counter 207. The procedure of the thus 
instructed burst write operation is the same as that 
of the burst read operation. However, the write 
operation includes no CAS latency, and fetching the 
10 write data starts one clock after the column 
address/write command cycle. 

(5) Precharge command (Pr) . 

This is a command for starting the precharging 
15 operation for the memory bank selected by A12 and A13, 
and is instructed by the signals /CS, /RAS, /WE = low 
level and by the signal /CAS = high level. 

(6) Auto refresh command. 

20 This is a command necessary for starting the 

automatic refresh, and is instructed by the signals 
/CS, /RAS, /CAS = low level, and by the signals /WE, 
CKE = high level. 

25 (7) No operation command (Nop) . 
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This is a command instructing not to 
substantially carry out the operation, and is 
instructed by the signal /CS = low level and by the 
signals /RAS, /CAS, /WE = high level. 
5 In the DDR SDRAM, when another memory bank is 

instructed and a row address strobe/bank active 
command is supplied while a burst operation is 
executed in one memory bank, the operation of the row 
address system can be carried out in the another 

10 memory bank without at all affecting the operation of 
the above one memory bank. 

Therefore, it becomes possible to start the 
internal operation in advance by issuing a precharge 
command and a row address strobe/bank active command 

15 for a memory bank different from the memory bank in 
which a command is being executed so far as the data 
DO to D15 do not come into collision at the data 
input/output terminals of, for example, 16 bits. The 
DDR SDRAM of this embodiment executes the memory 

20 access in a unit of 16 bits as described above, 
possesses addresses of about 4 M relying upon 
addresses AO to All, has four memory banks and, hence, 
possesses the storage capacity of a total of about 256 
megabits (4M x 4 banks x 16 bits) . 

25 Described below is the detailed reading 



- 34 - 



4 • 



operation of the DDR SDRAM. The signals such as chip 
select signals /CS, /RAS, CAS and write enable signal 
/WE are input in synchronism with the CLK signals. 
The raw address and the bank select signal are input 
5 simultaneously with /RAS = 0, and are held by the row 
address buffer 205 and by the bank select circuit 212, 
respectively. A row decoder 210 of a bank designated 
by the bank select circuit 212 decodes the row address 
signal, and the data of the whole row are output as 

10 very small signals from the memory cell array 200. 

The very small signals that are output are amplified 
and held by the sense amplifier 202. The designated 
bank becomes active. 

After 3CLK from the input of the row address, 

15 the column address and the bank select signal are 

input simultaneously with CAS = 0, and are held by the 
column address buffer 206 and the bank select circuit 
212. When the designated bank is active, the column 
address that is held is output from the column address 

20 counter 207, and the column decoder 203 selects the 
column. The selected data are output from the sense 
amplifier 202. Here, the data are output in an amount 
of two sets (8 bits in the x4 constitution and 32 bits 
in the xl6 constitution) . 

25 The data output from the sense amplifier 202 are 
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sent out of the chip through the data output circuit 
211. The output timing varies in synchronism with 
both the rising and breaking edges of QCLK output from 
the DLL 214. Here, the data of two sets are subjected 
5 to the parallel serial conversion to form data of one 
set x 2. The data strobe signal DQS is output from 
the DQS buffer 215 simultaneously with the output of 
data. When the burst length preserved in the mode 
register 213 is not shorter than 4, the address in the 

10 column address counter 207 is automatically increased 
to read the data of the next column. 

The DLL 214 has the role of forming operation 
clocks QCLK for the data output circuit 211 and for 
the DQS buffer 215. The data output circuit 211 and 

15 the DQS buffer 215 require a time before producing the 
data signal and the data strobe signal after the 
internal clock signal QCLK formed by the DLL 214 is 
input. By advancing the phase of the internal clock 
signal QCLK to be in advance of the external CLK by 

20 using a replica circuit that will be described later, 
therefore, the phases of the data signal and of the 
data strobe signal are brought into agreement with 
that of the external clock CLK. In this case, 
therefore, the data signal and the data strobe signal 

25 are the ones that are brought for their phases into 
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agreement with the external clock signal. 

Fig. 7 is a block diagram illustrating the whole 
DLL according to the embodiment of the invention. 
Fig. 7 illustrates the whole DLL with the DLL digital 
5 unit 4 as a center. The DLL digital unit 4 so 

controls the DLL analog unit 3 that the external clock 
signal ECLKJT input through the clock input circuit 
2091 and the internal clock signal ICLK are brought in 
phase with each other. 

10 In order to prevent harmonic locking in the DLL 

of this embodiment, the frequencies of the external 
clock signals ECLK_T and of the internal clock signals 
ICLK are divided into one-fourth through the 
frequency-dividing circuit 401, respectively. The 

15 ECLK4 obtained by dividing the frequency of the 

external clock signals ECLK_T into one-fourth and the 
ICLK4 obtained by dividing the frequency of the 
internal clock signals ICLK into one-fourth are 
compared for their phases by a phase comparator 402. 

20 Upon looking at the waveform of EARLY_INT which is the 
result of comparison of phases, a state control 
circuit 403 produces a signal TURBO and a signal 
TURBOl. A pulse-generating circuit 404 produces an up 
signal UP and a down signal DOWN to control the 

2 5 operation of the charge pump provided in the DLL 
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analog unit 3. 

This embodiment is provided with a charge pump 
test pulse generating circuit 405. A signal CP__PULSE 
that will be described later and is produced by this 
5 circuit controls the operation of the charge pump in 
the DLL analog unit 3 instead of the up signal UP and 
the down signal DOWN to execute the testing thereof. 
To simplify the drawing, control signals that are not 
directly related to the invention are not shown. 

10 The frequency-dividing circuit 401 is supplied 

with clock signals ECLK__T through the clock input 
circuit 2091 and internal clock signals ICLK through 
the replica delay 406. Therefore, the ECLK4 and the 
ICLK4 obtained by dividing their frequencies into one- 

15 fourth are compared for their phases by the phase 

comparator 402. The replica circuit 406 is a delay 
circuit constituted by the same circuit as the data 
output circuit 211 or the DQS buffer (output circuit) 
215. Since the DLL analog unit 3 forms an internal 

20 clock signal QCLK of a phase advanced by the clock 

input circuit 2091 or by the data output circuit 211 
(or DQS buffer 215) , the external clock signal CLK_T 
becomes in phase with, for example, the data signal 
that is received through the data output circuit 211 

25 or the clock signal output through the DQS buffer 215. 
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Fig. 8 is a diagram illustrating the variable 
delay circuit included in the DLL analog unit 3 
according to the embodiment. The variable delay- 
circuit 303 is constituted by a variable delay element 
5 and a bias circuit. A variable delay element has a 
constitution in which two differential inverters are 
connected in series, and varies the amount of delay by 
controlling the current of the current source based 
upon NBIAS. There has been shown a circuit of the two 

10 differential inverters. Described below is a circuit 
of the preceding stage to which the circuit marks are 
attached. N-channel MOSFETs Q7 and Q8 are arranged in 
parallel between a common source of the n-channel 
differential MOSFETs Ql, Q2 and the ground potential 

15 of the circuit, to form a variable current source 
which changes the current based upon the NBIAS. 

P-channel MOSFETs Q3 and Q4 which are diode- 
connected, are provided as a load circuit between the 
drains of the differential MOSFETS Ql, Q2 and the 

20 power-source voltage VDD. To steepen a change in the 
differential output signal, further, p-channel MOSFETs 
Q5 and Q6 of a latch form in which the gates and 
drains are connected to each other, are provided in 
parallel with the diode-connected MOSFETs Q3 and Q4 . 

25 The drain outputs of the differential MOSFETs Ql and 
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Q2 are supplied to the gates of the differential 
MOSFETs as an input signal of the circuit of the next 
stage. The above two differential inverters are 
connected in cascade in plural stages to form the 
5 variable delay circuit 303. Among them, plural stages 
of from 0 to N from the final stage are provided with 
output taps TAPNO, TAPPO to TAPNN, TAPPN. In the 
embodiment of Fig. 2, there are provided six output 
taps . 

10 The bias circuit converts the control voltage VB 

into a current signal through a MOSFET Q9 and connects 
it to power-source MOSFETs in the differential 
inverters using a simple current mirror circuit. 
Here, however, a buffer circuit may be used for 

15 correcting the control voltage-delay amount 

characteristics. As described above, the variable 
delay circuit is provided with plural (e.g., six sets 
of) output taps. Among them, one output is selected 
to change the number of stages of the variable delay 

20 circuit. 

Fig. 9 is a diagram illustrating the charge pump 
circuit included in the DLL analog unit 3 according to 
the embodiment. In order to shorten the lock-in cycle 
of DLL, the charge pump circuit of this embodiment 

25 includes a current source for a small delay mode 
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constituted by a p-channel MOSFET Qll which is 
supplied with a signal ENB through the gate thereof, a 
current source for an intermediate delay mode 
constituted by an n-channel MOSFET Q22 supplied with a 
5 signal TURBO through the gate thereof, a current 
source for a large delay mode constituted by a p- 
channel MOSFET Q21 supplied with a signal TURB01 
through the gate thereof, current mirror biases Q12 to 
Q20 for transmitting the current of the current source 
10 for the small delay mode, and bidirectional switches 
Q23 to Q26. 

In a state where the signal ENB has the high 
level, ENT has the low level and DLL is not in 
operation, the switching MOSFETs Q15 and Q16 are 

15 turned off, the switching MOSFETs Q17 and Q18 are 

turned on, the operation of the current source for the 
small delay mode is halted and the operation of the 
current mirror circuit is halted, to carry out the 
operation consuming a small amount of electric power. 

20 In this case, the MOSFETs Q22 and Q21 are turned off 
due to the" signals TURBO and TURBOIB. The high-speed 
lock-in cycle operation using three current sources, 
i.e., current source for the small delay mode, current 
source for the intermediate delay mode and the current 

25 source for the large delay mode will be described 
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later by using a diagram of waveforms. 

Fig. 10 is a circuit diagram illustrating an 
embodiment of the output amplifier included in the DLL 
analog unit 3. The output signal of the variable 
5 delay circuit using the differential inverter shown in 
Fig. 8 is small unlike that of VDD. Therefore, the 
amplitude must be amplified into a full amplification 
of the operation voltage like that of VDD. Therefore, 
an output amplifier 305 must be used. The output 

10 amplifier is constituted by two sets of a combination 
of a current mirror amplifier constituted by MOSFETs 
Q30 to Q35 and a clocked inverter constituted by 
MOSFETs Q37 to Q40. The current mirror amplifier 
operates when the control signals are ENT = VDD, ENB = 

15 0 (VSS or GND) , and the output becomes valid. When 
ENT = 0 and ENB = VCC, however, the current mirror 
amplifier does not operate and the output assumes a 
high impedance. 

In Fig. 2, the outputs of the six output 

20 amplifiers are connected in common. Among the six 
output amplifiers, however, only one produces an 
effective output due to the signals ENT and ENB, and 
the number of stages of the variable delay circuit is 
changed over in addition to the signal amplif ication . 

25 Fig. 11 is a circuit diagram illustrating an 
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embodiment of the control voltage-f ixing circuit 
included in the DLL analog unit 3. A value of the 
control voltage must be given from an external unit at 
the time of measuring the control voltage - delay 
5 amount characteristics of the variable delay circuit. 
The control voltage must be fixed by using a probe 
from the external side. However, no bulky device is 
needed if the characteristics can be measured without 
probe. Besides, the measurement can be taken 
10 (packaging, mounting, etc.) to meet the practical 
conditions, and no noise enters through the probe. 

The control voltage-fixing circuit is 
constituted by switching MOSFETs Q50 to Q52, voltage- 
dividing resistor circuit and bidirectional switch. 
15 When the signal ON becomes VDD, the MOSFET Q52 is 

turned on, a current flows into the series resistance 
circuit, and voltages VO to V6 appear due to the 
division of voltage by the resistors. Among the 
signals SETO to 6, only one is set to the high level 
20 like VDD, only one of the bidirectional switches is 

turned on, and the voltages VO to V6 are connected to 
the control voltage VB to fix the control voltage VB 
relative to the variable delay circuit. 

Fig. 12 is a diagram of waveforms illustrating 
25 the operation of the clock-generating circuit 
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according to the invention. When the DLL is reset, 
the initial phase error takes place on the advancing 
side. Therefore, a charge-down control starts in the 
large delay mode. In the large delay mode, the phase 
5 error is advancing and, hence, the output of the phase 
comparison assumes a high level, and two charge-up 
control signals are formed for one time of phase 
comparing operation. Due to the charge-up control 
signal, the phase error steeply changes toward the 

10 target value. 

If described with reference to the circuit of 
Fig. 9, the signal TURBOIB assumes the low level, and 
the p-channel MOSFET Q21 is turned on to flow a large 
current. Accordingly, the n-channel MOSFET Q24 and 

15 the p-channel MOSFET Q26 are turned on due to the high 
level of down signal DOWN and the low level of DOW1SM3, 
and the control voltage VB increases stepwise relative 
to the signals DOWN and DOWM_B. In response to the 
rise in the control voltage VB, the current formed by 

20 the P-channel MOSFET Q9 of Fig. 8 decreases, whereby 
the operation current of the differential inverter 
constituting the variable delay circuit decreases, the 
delay time increases, and the phase is changed toward 
the delay side. 

25 When the phase error exceeds 0 which is a target 
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value, the mode is changed over to the intermediate 
delay mode. In the large delay mode, the charge-down 
control operation only is executed. Therefore, the 
charge-up control operation only is executed in the 
5 intermediate delay mode. Accordingly, neither the 

charge-up current source for the large delay mode nor 
the charge-down current source for the intermediate 
delay mode has been provided unlike the embodiment of 
Fig. 9. Depending upon the manner of imparting the 

10 initial phase error, these two current sources may 
become necessary. In that case, these two current 
sources must be provided. 

If described with reference to the circuit of 
Fig. 9, to correct the phase error that has increased 

15 in excess of delay error 0 due to the large delay 

mode, the signal TURBO assumes the high level, and the 
n-channel MOSFET Q22 is turned on to flow an 
intermediate current. To correct the delay, 
therefore, the output of phase comparison assumes the 

20 low level. Due to the high level of the up signal UP 
and low level of UP-B formed thereby, therefore, the 
N-channel MOSFET Q2 3 and the p-channel MOSFET Q2 5 are 
tuned on, to stepwisely decrease the control voltage 
VB in response to the signals UP and UP_B. In 

25 response to the drop in the control voltage VB, the 
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current formed by the p-channel MOSFET Q9 of Fig. 8 
increases, whereby the operation current of the 
differential inverter constituting the variable delay 
circuit increases, and the delay time decreases to 
5 correct a delay in the phase. 

When the phase error exceeds 0 which is a target 
value due to the intermediate delay mode, the mode is 
changed over to the small delay mode. In the small 
delay mode, the charge-up control operation and the 

10 charge-down control operation based on a small current 
formed by the MOSFET Qll are executed depending upon 
the output of phase comparison. In this case, two 
pulses (UP/ DOWN) are not formed for the result of one 
time of phase comparison unlike the large delay mode 

15 or the intermediate delay mode but, instead, one pulse 
is generated. In the small delay mode, therefore, the 
error component for the phase error 0 is minimized. 

In this embodiment, there exist current sources 
and bias circuits that are not required depending upon 

20 the mode such as large delay mode or intermediate 

delay mode. Therefore, the circuit is turned on and 
off by a signal TURBO, a signal TURBO_B, a signal 
TURBOl, a signal TURB01_B, a signal ENT and a signal 
ENB. The signals have the following values in their 

25 respective modes. The power-off mode is the one for 
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suppressing the consumption of electric current by 



halting 



the operation of the charge pump. 



Large mode 
Intermediate 
mode 
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0 
0 
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0 
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VDD 
0 



0 

VDD 



In the DLL of this embodiment, the initial phase 



5 error necessarily appears on the advancing side in 

order to minimize the delay time of the variable delay 
circuit immediately after it is reset. In order to 
quickly bring the initial phase error near to the 
phase error 0 immediately after the resetting, the 

10 large delay mode is assumed to increase the phase 

control amount delay from when the phases are compared 
until when the phases are compared next time. In 
order to increase the phase control quantity, further, 
the control operation is executed twice in addition to 

15 increasing the current of the charge pump. Since the 
initial phase error appears on the advancing side, the 
phase comparator produces an output of the high level 
such as VDD. When the control operation is executed 
several times in the large delay mode, the phase error 

20 over-shoots in excess of 0. The output of the phase 
comparator changes into 0 at a moment when the phases 
are compared next time after the over-shooting. 
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At this moment, the mode shifts from the large 
delay mode to the intermediate delay mode. 

In the intermediate delay mode, the current of 
the charge pump is slightly squeezed but the number of 
5 times of control operation is not changed. When the 
control operation is executed several times in the 
intermediate delay mode, the phase error exceeds 0 
again, which is the under-shooting. The output of the 
phase comparator changes into VDD at a moment when the 

10 phases are compared next time after the under- 
shooting. At this moment, the mode shifts from the 
intermediate delay mode to the small delay mode. In 
the small delay mode, the current of the charge pump 
is squeezed and the number of times of control 

15 operation is decreased to one time. Thus, the amount 
of delay control becomes a minimum through the phase 
comparison of one time. After the phase error has 
exceeded 0 in the small delay mode, the charge-down 
control signal and the charge-up control signal are 

20 output nearly alternatingly, and the phase error 
vibrates near 0. This state is a locked-in state. 
Therefore, if attention is given to the output 
waveforms only of the phase comparator, the period 
from when DLL is reset to when the output of the phase 

25 comparator has shifted from VDD to 0 twice becomes a 
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lock-in cycle. 

This embodiment deals with a new drive system 
for a charge pump in the analog control circuit. This 
system eliminates insensitive band which is a defect 
5 of PFD in the conventional drive system and shortens 
the lock-in cycle. The insensitive band is realized 
by a simple control method according to which the - 
advance and delay only of the phase are judged by a 
phase comparator, the control voltage VB is changed as 

10 described above based upon the output of phase 

comparison, and the delaying amount is changed in the 
reverse direction at a moment when the target value 
which is the phase error 0 is exceeded. The 
insensitive band varies depending upon the performance 

15 of the transistors and the wiring lengths. Upon 

eliminating the insensitive band, therefore, it is 
allowed to easily design a circuit that is not 
affected by the process or the layout. 

Fig. 13 is a diagram of waveforms illustrating 

20 an example of operation of the clock-generating 
circuit according to the invention. In this 
embodiment, the lock-in takes place in a constant 
delay system. In Fig. 12, the charge-down control 
signal and the charge-up control signal were output 

25 nearly alternatingly . Since the charge pump is an 
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analog circuit, it is not allowed to bring the charge- 
up amount and the charge-down amount into correct 
agreement with each other. Therefore, there exists a 
small amount of unbalance between the delay (down) and 
5 the delay (up) as shown. This unbalance causes an 

increase in the phase error with the passage of time 
and, finally, causes the control signal of one side to 
be output twice consecutively (production of control 
signals two times consecutively) . The intensity of 

10 jittering becomes 2 x delay. Though the diagramed 
embodiment has dealt with the case of delay (down) 
delay (up), the same holds even for the reverse case. 

Fig. 14 is a diagram illustrating the transition 
of states of the state control circuit included in the 

15 clock-generating circuit according to the invention. 
The state control circuit 403 is included in the DLL 
digital circuit unit of Fig. 7 and forms signals TURBO 
and TURBOl that are supplied to the DLL analog unit 3. 
In the case of DLLJEN = 0 V (VSS) , a state for halting 

20 the DLL is assumed. When DLL__EN = VDD, the following 
state control operation is executed while looking at a 
change in the phase comparison output EARLY_INT output 
from the phase comparator 402: 

25 
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ALarge delay mode TURBO = VDD TURB01 = VDD 

Alntermediate delay mode TURBO = VDD TURB0 1 = 0 

ASmall delay mode TURBO = 0 TURB01 = 0 

Fig. 15 is a circuit diagram illustrating the 
phase comparator and the state control circuit 
according to the embodiment . As shown, the phase 
5 comparator 402 may be a generally employed flip_flop 
circuit. The phase comparison output EARLY_INT 
becomes VDD when the internal clock signal ICLK4 rises 
earlier than the external clock signal ECLK4, and the 
phase comparison output EARLY- INT becomes 0 (low 

10 level) when the external clock signal ECLK4 rises 
earlier than the internal clock signal ICLK4 . 

The state control operation is such that when 
the signal DLL_EN is 0, all flip-flop circuits are set 
to VDD (high level) . Thereafter, every time when 

15 EARLY_INT changes, the outputs Q of the flip-flop 

circuits FF2 to FF4 become 0, successively, to produce 
signals TURBO and TURBOl . When the final signal LOCK 
becomes VDD, it can be judged that DLL has shifted 
into the locked state. 

20 Fig. 16 is a diagram illustrating an embodiment 

of the pulse-generating circuit. The pulse-generating 
circuit 4 04 generates signals UP and DOWN based upon 
the phase comparison output EARLY- INT . The pulse- 
generating circuit 404 is capable of producing pulses 
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maintaining a stable pulse width upon maintaining 
synchronism with ECLK_T but is not capable of 
producing pulses shorter than the clock period. The 
ECLK2 is a signal obtained by dividing the frequency 
5 of ECLK_T by two. 

Fig. 17 is a diagram illustrating the pulse- 
generating circuit according to another embodiment. 
In this embodiment, a delay circuit is used to produce 
pulses of any desired width. When the width of the 

10 pulse is too narrow, the initial phase error is drawn 
being lagged behind. Therefore, the pulse width is 
set to be "phase difference + 3.0 ns". In the pulse- 
generating circuit of this embodiment, delay is not 
constant. However, what is important in controlling 

15 the delay to be constant is that delay 0 even at a 
point of phase difference = 0, and there exists no 
problem. 

Fig. 18 is a diagram illustrating an embodiment 
of the 1/4 frequency divider circuit. The 1/4 

20 frequency divider circuit of this embodiment is the 1 
ck lock - 2 ck lock change-over type. The DLL of this 
embodiment employs 2 ck lock. Therefore, the 
frequencies of ECLK__T and ICLK must be divided into 
one-fourth prior to comparing the phases, in order to 

25 prevent harmonic lock. Therefore, when the ECLK T and 
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ICLK have the same phases, the circuit is so reset 
that the phase of ICLK4 is in advance of ECLK4 by 720 
degrees . 

Thereafter, the variable delay circuit and the 
5 replica circuit (replica delay) work to delay the 

phase of ICLK by 720 degrees (2 ck) , so that ECLK 4 
and ICLK4 are in phase and are locked together. When 
the phase of the ICLK4 is advancing by 360 degrees 
instead of 720 degrees, 1 ck locking is effected. It 

10 is thus allowed to effect the 1 ck locking and 2 ck 
locking using one circuit. Unlike the general flip- 
flop circuit, the flip-flop circuit used for the 1/4 
frequency divider is provided with both a set terminal 
and a reset terminal. Due to the signal 1 CK_LOCK, 

15 the phase can be changed right after the reset signal 
has broken. Described below are changes in the phase 
right after the resetting due to changes in the 1 
CK LOCK. 



Fig. 19 is a diagram illustrating an embodiment 
of the charge pump test pulse-generating circuit. The 
DLL of the analog control system makes it difficult to 
test the state of the internal circuit from the outer 



Value ofCK.LOCK 
0 
1 



Phase of ECLK4 
0° 
0° 



Phase of ICLK4 
-720° 
-360° 



20 
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side compared to that of the digital control system. 
The operation of the charge pump is one of the 
difficulties. The pulse-generating circuit is 
necessary for testing to what extent the delay amount 
5 of the variable delay circuit changes when the charge 
pump is operated one time. The charge pump test 
pulse-generating circuit produces pulses CP-PULSE 
(having a width of tCK/2) of a number set by CP-SETO- 
3. Upon operating the charge pump with these pulses, 
10 it is allowed to test the operation of the charge pump 
by the externally set CP-SETO-3. The pulse CP-PULSE 
is produced as the signal PULSEEN assumes the high 
level . 

Fig. 20 is a plan view illustrating a 
15 relationship between the memory chip and the lead 

frame in the semiconductor integrated circuit device 
according to an embodiment of the invention. The 
memory chip has several VDD and VSS pads, and VDD_DLL 
and VSS_DLL are among them. However, dedicated 
20 bonding pads and lead frames are assigned to VDD_DLL 
and VSS_DLL to prevent the infiltration of noise from 
the power source wiring. 

Fig. 21 is a diagram of an electrostatic 
protection circuit in the semiconductor integrated 
25 circuit device according to the embodiment of the 
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invention. In this embodiment, provision is made of 
the dedicated pads VDD_DLL and VSS_DLL for applying 
operation voltages to the DLL of the variable delay 
circuit. The dedicated pads VDD_DLL and VSS_DLL are 
5 provided with the following elements to cope with ESD. 

A diode D70 and a diode-connected MOSFET Q70 are 
connected in parallel between the pad VDD__DLL and the 
VSS wiring, and diode-connected MOSFETs Q71 and Q72 
are connected in parallel between the pad VDD_DLL and 

10 the wiring VDD. Similarly, diodes D72 and D73 are 

connected in parallel between the pad VSS_DLL and the 
wiring VSS, and a diode connected MOSFET Q7 3 and a 
diode D71 are connected in parallel between the pad 
VSSJDLL and the wiring VDD. 

15 As described above, the semiconductor integrated 

circuit device is provided with an electrostatic 
protection circuit to prevent the internal elements 
from being broken down by the static electricity 
generated during the handling such as transportation 

20 or assembling of the device. Therefore, the power 

source pads VDD_DLL and VSS_DLL that are independently 
formed as described above, are electrically connected, 
via the electrostatic protection circuit, to the VDD 
and VSS that supply operation voltages to other 

25 internal circuits in a broad sense or in theory. 
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In a state where the semiconductor integrated 
circuit device is ordinarily operated, however, no 
current flows into the electrostatic protection 
circuit, and it cannot be said that it is in an 
5 electrically connected state. That is, the power- 
source noise generated in VDD and VSS and fluctuation 
in the voltage are not transmitted to VDD_DLL or 
VSS_DLL. From the standpoint of operation of the 
clock-generating circuit of the invention, therefore, 
10 it can be said that VDD and VSS are electrically 
isolated from VDD_DLL and VSS_DLL. 

Described below are the actions and effects 
obtained from the above embodiment . 

(1) A semiconductor integrated circuit device having 
15 a clock-generating circuit that includes a control 
circuit for forming internal clock signals by 
comparing a signal obtained by delaying, through a 
variable delay circuit, an input clock signal input 
through an external terminal with the input clock 
20 signal, and so controlling the delay time of the 
variable delay circuit that they are brought into 
agreement with each other, wherein in the clock- 
generating circuit, the element-forming region 
constituting the variable delay circuit and the 
25 circuit for forming the delay control signals is 



- 56 - 



electrically isolated from the element-forming region 
constituting the digital circuit on the same 
semiconductor substrate relying upon the element 
isolation technology, in order to realize a highly 
5 precise phase synchronization based on a stable 

delaying operation without affected by a change in the 
substrate potential caused by the operation of the 
digital circuit. 

(2) In addition to the above, the device is realized 
10 through a simple production process in which the 

circuits such as variable delay circuit and charge 
pump circuit are formed on a triple well, i.e., on a 
well region of a second type of electric conduction 
that is deeply formed, and on a well region of a first 
15 type of electric conduction or of the second type of 
electric conduction shallowly formed on a common 
semiconductor substrate of the first type of electric 
conduction, establishing an element isolation 
technology. 

20 (3) In addition to the above, the variable delay 

circuit and the charge pump circuit are operated on an 
operation voltage via dedicated bonding pads and leads 
different from the power-source terminals for 
supplying the operation voltages to the digital 

25 circuits, in order to realize a high degree of 
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precision based on the stable delay operation of the 
variable delay circuit affected by neither the power- 
source passage nor a fluctuation in the voltage. 

(4) In addition to the above, a MOS capacitor 

5 element is formed in the periphery of the well region 
of the second type of electric conduction that is 
deeply formed, and is used for stabilizing the 
operation voltage. This makes it possible to absorb 
noise transmitted through the common power source 
10 feeder line on the side of the substrate mounting the 
semiconductor integrated circuit device and, hence, to 
realize a high degree of precision based on the stable 
delay operation of the variable delay circuit. 

(5) In addition to the above, provision is further 
15 made of a clock input buffer for receiving input clock 

signals that are fed to the variable delay circuit and 
a clock output buffer for producing delay signals, the 
clock input buffer and the clock output buffer being 
formed on the well region of the second type of 

20 electric conduction that is deeply formed. Therefore, 
the variable delay circuit and the delay control 
signal thereof are not affected by noise included in 
the signal transmission passages, and a high degree of 
precision is realized based on the stable delay 

25 operation of the variable delay circuit. 
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(6) In addition to the above, a first frequency- 
dividing circuit for dividing the frequency of the 
input clock signals is reset at the start of operation 
of the clock-generating circuit, and a second 

5 frequency-dividing circuit for dividing the frequency 
of the internal clock signals selects either a clock 
signal delayed by two clocks or a clock signal delayed 
by one clock behind the external clock that is in 
phase upon selectively giving a predetermined initial 
10 value. 

(7) In addition to the above, the first and second 
frequency-dividing circuits, the replica delay circuit 
and the phase comparator circuit are formed in an 
element- forming region electrically isolated from the 

15 element- forming region where the variable delay 
circuit and a circuit for forming delay control 
signals are formed. This prevents power-source noise 
generated in the digital circuit operating with its 
full amplitude from being transmitted to the analog 

20 circuit unit, and a high degree of precision is 

realized based on the stable delay operation of the 
variable delay circuit. 

(8) In addition to the above, the clock-generating 
circuit is mounted on a dynamic RAM which includes 

25 plural word lines connected to the address selection 
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terminals of plural dynamic memory cells, plural pairs 
of complementary bit lines connected to plural dynamic 
memory cells, and sense amplifiers constituted by 
plural latch circuits that are served with an 
operation voltage corresponding to the operation 
timing signals to amplify signals of the pairs of bit 
lines, wherein the variable delay circuit constituting 
the clock-generating circuit and a circuit for forming 
the delay control signals thereof are supplied with 
operation voltages through dedicated bonding pads and 
leads different from the power-source terminals for 
supplying the operation voltages to the sense 
amplifier, in order to realize a high degree of 
precision based on the stable delay operation of the 
variable delay circuit without affected by large noise 
from the sense amplifier. 

(9) A semiconductor integrated circuit device having 
a clock-generating circuit that includes a control 
circuit for forming internal clock signals by 
comparing a signal obtained by delaying, through a 
variable delay circuit, an input clock signal input 
through an external terminal with the input clock 
signal, and so controlling the delay time of the 
variable delay circuit that they are brought into 
agreement with each other, wherein in the clock- 
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generating circuit, at least the variable delay 
circuit is supplied with an operation voltage through 
dedicated bonding pads and leads different from the 
operation voltage feed passage of the digital circuit 
5 formed on the same substrate, in order to realize a 

highly precise phase synchronization based on a stable 
delaying operation without affected by a change in the 
power-source voltage caused by the operation of the 
digital circuit. 

10 (10) In addition to the above, the clock-generating 
circuit is mounted on a dynamic RAM which includes 
plural word lines connected to the address selection 
terminals of plural dynamic memory cells, plural pairs 
of complementary bit lines connected to plural dynamic 

15 memory cells, and sense amplifiers constituted by 
plural latch circuits that are served with an 
operation voltage corresponding to the operation 
timing signals to amplify signals of the pairs of bit 
lines, wherein the variable delay circuit constituting 

20 the clock-generating circuit is supplied with an 

operation voltage through dedicated bonding pads and 
leads different from the power-source terminals for 
supplying the operation voltages to the sense 
amplifier, in order to realize a high degree of 

25 precision based on the stable delay operation of the 
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variable delay circuit without affected by large noise 
from the sense amplifier. 

(11) In addition to the above, the digital circuit is 
provided with an input circuit for receiving input 

5 signals supplied through an external terminal and an 
output circuit for sending output signals to the 
external terminal, the input circuit and the output 
circuit are supplied with operation voltages through 
dedicated bonding pads and leads different from the 

10 power-source terminals for supplying the operation 
voltages to the clock-generating circuit and to the 
sense amplifier, in order to accomplish stable 
delaying operation of the variable delay circuit and 
sense amplifier operation without permitting the 

15 clock-generating circuit and the sense amplifier to be 
affected by large noise from the output circuit. 

(12) Provision is made of a clock-generating circuit 
that includes a control circuit for forming internal 
clock signals by comparing a signal obtained by 

20 delaying, through a variable delay circuit, an input 
clock signal input through an external terminal with 
the input clock signal, and so controlling the delay 
time of the variable delay circuit that they are 
brought into agreement with each other, wherein the 

25 control circuit controls the variable delay circuit so 
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as to return the delaying amount in the reverse 
direction at a moment when the variable delay time has 
exceeded a target value. This eliminates the 
insensitive band that is the defect of PFD of the 
5 conventional drive system. Upon eliminating such an 

insensitive band, the phase difference is not affected 
by the performance of the transistors or by the wiring 
lengths, facilitating the designing. 

(13) In addition to the above, the amount of change 

10 in the delay time of the variable delay circuit is set 
nearly constant by the phase comparator circuit for 
every phase comparing operation, making it possible to 
suppress the error of phase to two folds at the 
greatest in the locked-in state. 

15 (14) Upon varying the amount of change in the delay 
time of the variable delay circuit by the phase 
comparator circuit for every phase comparing operation 
depending upon the operation conditions, it is allowed 
to realize an optimum response and stability depending 

20 upon the operation conditions. 

(15) In addition to the above, the amount of change 
in the delay time of the variable delay circuit is set 
to be large during a first period of from the start of 
operation of the clock-generating circuit until the 

25 target value is exceeded, is set to be smaller than 
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the amount of change in the delay time in the first 
period during a second period of from the first period 
until when the delay time becomes smaller than the 
target value, and is set to be smaller than that in 
5 the second period after the second period. This makes 
it possible to stabilize the operation in the locked- 
in state while shortening the lock-in cycle from the 
start of DLL operation until locking-in. 

(16) In addition to the above, the amount of change 
10 in the delay time of the variable delay circuit 

decreases every time when the delay time of the 
variable delay circuit exceeds a target value within a 
range in which the phase-synchronizing operation is 
not lost. This makes it possible to stabilize the 
15 operation in the locked-in state while improving the 
response characteristics . 

(17) In addition to the above, the phase comparator 
circuit forms a phase comparison signal of a high 
level or a low level in response to the phase 

20 difference, and forms a pulse signal for flowing a 

charge-up current or a discharge current to the charge 
pump circuit in response to the phase comparison 
signal. This makes it possible to change over the 
response depending upon the pulse output from the 

25 pulse-generating circuit yet simplifying the circuit. 
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(18) In addition to the above, the amount of delay 
time of the variable delay circuit can be flexibly 
varied based on the combination of the number of pulse 
signals and the charge current of the charge pump 
5 circuit that varies depending upon the pulse signals, 
by using a simple circuit to realize a desired 
response maintaining stability in the operation. 

In the foregoing was concretely described the 
invention accomplished by the present inventors by way 

10 of embodiments. It should, however, be noted that the 
invention of this application is in no limited to the 
above embodiments only but can be changed in a variety 
of other ways without departing from the gist of the 
invention. For example, the DLL may be a digital 

15 control digital DLL or a digital control analog DLL. 
Even in the variable delay circuit of these DLL, the 
voltage supplied to the gate of the MOSFET changes 
with a change in the power source voltage whereby a 
current that flows undergoes a change. As the 

20 substrate voltage changes, further, the threshold 
voltage of the MOSFET changes depending upon the 
substrate effect causing the drain current to change. 
Upon applying the present invention, therefore, a 
variable delay circuit constituting the DLL is 

25 realized and control signals thereof are stabilized, 
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suppressing the jittering in the clock signals that 
are output* 

The technology for electrically isolating the 
variable delay circuit constituting the DLL and the 
5 circuit for forming the control signals therefor, may 
be the one that utilizes the SOI (silicon-on- 
insulator ) structure . 

Accompanying an increase in the operation speed 
of the semiconductor integrated circuit device, the 
10 frequency of the clock signals is ever increasing and 
the period of a clock is becoming ever short. 
Therefore, decreasing the jittering which is the 
fluctuation in the phase of the clock signals results 
in a reduction in the time margin included in the 
15 period of one clock, which is very advantageous for 
increasing the frequency of the clock signals. 

The clock-generating circuit of the invention 
can be extensively used for a variety of digital 
semiconductor integrated circuit devices that mount a 
20 clock-generating circuit (or reproducing circuit) and 
has synchronous inputs and outputs, in addition to the 
synchronous DRAM described earlier. 

Briefly described below are the effects obtained 
by the representative examples of the invention 
25 disclosed in this application. A semiconductor 
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integrated circuit device having a clock-generating 
circuit that includes a control circuit for forming 
internal clock signals by comparing a signal obtained 
by delaying, through a variable delay circuit, an 
5 input clock signal input through an external terminal 
with the input clock signal, and so controlling the 
delay time of the variable delay circuit that they are 
brought into agreement with each other, wherein in the 
clock-generating circuit, the element-forming region 

10 constituting the variable delay circuit and the 
circuit for forming the delay control signals is 
electrically isolated from the element- forming region 
constituting the digital circuit on the same 
semiconductor substrate relying upon the element 

15 isolation technology, in order to realize a highly 
precise phase synchronization based on a stable 
delaying operation without affected by a change in the 
substrate potential caused by the operation of the 
digital circuit. 

20 A semiconductor integrated circuit device having 

a clock-generating circuit that includes a control 
circuit for forming internal clock signals by 
comparing a signal obtained by delaying, through a 
variable delay circuit, an input clock signal input 

25 through an external terminal with the input clock 



- 67 - 



signal, and so controlling the delay time of the 
variable delay circuit that they are brought into 
agreement with each other, wherein in the clock- 
generating circuit, at least the variable delay 
5 circuit is supplied with an operation voltage through 
dedicated bonding pads and leads different from the 
operation voltage feed passage of the digital circuit 
formed on the same substrate, in order to realize a 
highly precise phase synchronization based on a stable 
10 delaying operation without affected by a change in the 
power-source voltage caused by the operation of the 
digital circuit. 

Provision is made of a clock-generating circuit 
that includes a control circuit for forming internal 
15 ciock signals by comparing a signal obtained by 

delaying, through a variable delay circuit, an input 
clock signal input through an external terminal with 
the input clock signal, and so controlling the delay 
time of the variable delay circuit that they are 
20 brought into agreement with each other, wherein the 

control circuit controls the variable delay circuit so 
as to return the delaying amount in the reverse 
direction at a moment when the variable delay time has 
exceeded a target value. This eliminates the 
25 insensitive band that is the defect of PFD of the 
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conventional drive system. Upon eliminating such an 
insensitive band, the phase difference is not affected 
by the performance of the transistors or by the wiring 
lengths, facilitating the designing. 
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